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STRUCTURALLY preserved specimens ot the Paleozoie
seed fern Medullosa are represented in considerable abun-
dance i the American mid-continent coal fields, where
remains of” the plant in the form ol stems, petioles and
roots are commonly found i the calearcous coneretions
known as coal balls. Very little information regarding
the later Paleozoie development of this interesting and
stgntheant group ol plants s avatlable from American
material, although much phylogenetic theory has been
developed recently as the result of studies ot its Carbon-
Herous representatives (Baxter, 1949 : Stewart, 1951).
In view of the possible phylogenetic significance of” geo-
logically more recent representatives ot Medullosa. the
specimens comprising this study are desceribed 1n some
detail. "l'o the knowledge of the authors, this deseription
also constitutes the first report of the genus Medullosa
from post-Carboniferous sediments ot North .\ merica.

The specimens under consideration were found in sec-
tion 754, Texan Famigration and Land Company Survey,
10 miles west of Newcastle, Young County, Texas. The
material collected consists ol fragments ol decorticated

stems and one petiole. I'he material occurred 12 st 1
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sediments ol the Moran Formation, near the base ol the
P>crman system m north central "Texas, "The seven stem
raoments, averaging Focme o length and 2.5 ¢ o
dimmeter, are stherttied, though with an adnnxture of cal-
clium carbonate,

The full dimeter and exact shape of the stem can
onlyv be nterred, owimmg to the more or less complete de-
cortication which occeurred prior to nineralization. In
once specimen portions of the mner cortex are retmmned.
thougeh m all specimens there has been partial remonal
ol the woody tissac itsell, presumably due to decay and
ahrasion before petritaction,

Mcedullosa Olsceniae,” the desceription and diagnosis of
which tollows, s o medullosan stem of the “polvstele
tvpe. Ttis, however, characterized by the absence ol the
so-called “'star rings  which feature many of the Furo-
pean Pernnan members ot Medullosa deseribed by \WWeber
and Sterzel (1896) and subsequently figured by many au-
thors, Our specimens imdicate a stem, which, as dedueed
rom the avilable material, developed a three- to hive-
membered  vascular core. the components of whieh
formed o svstem of anastomosimge vascular bundles, cach
ol which developed o concentrie cambrnm and  corres-
ponding sccondary xviem. The number of individaal

I'he speeific name is given in recognition of Eleanor 1. Olsen, wife
ol the Assistant Preparator ot Vertebrate Paleontology of the Museun
ol Comparative Zoologyv, Harvard University, who collected the specer-
mens i the held and made them avanlable for study,

“I'hie term stele in this discussion is restricted to the primary vas-
cular system ot the plant, Tnasmuch as the primary vascular system

LS

(i lolo is (‘t‘\it_{'ll:lh‘ll \h'lc‘, the use of the term pn]_\ stele ™7 is seem-
mely illogical, However, usace has tended toward adoption ot deserip-
Liv e anatomical terms derived trom livine plants even though apphed
to tossil forms. Until o unitorm svstem ol terminoloey s developed
tor application to structures of both hivine and tossil vascular plants,
it seems necessary to tollow the present conventions in desceriptive
terminolooy
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“steles Huctuates from three to five (Plate 1.X 1, figs.
1 to9). Onespecimen exhibits five “*steles™ throughout
its length (Plate 1.X1, fig. 3): one other shows four
steles at both ends. One specimen shows three
steles™ at one end and four *'steles™ at the other. T'wo
of the *“‘steles™™ mayv be seen to join on the exterior sur-
tace. From the appearance of this one specimen there is
one stelar fusion per tour centimeters of stem length, and
it seems reasonable to conclude that the *'steles™ anas-
tomose throughout the length of the stem, though prob-
ably not at regular intervals. The maximum and mini-
mum number of stelar components in M. Olseneae. from
basal to apical portions of the stem, 1s not known owing
to our fragmentary material. I'he evidence at hand in-
dicates that the stem ot M. Olseniae possessed a vascular

core of three to iive unit *‘steles,”” widely and unevenly
spaced around a central parenchyvmatous core, and n
varving degrees of coalescence throughout their vertical
extent. Without the attached leal” bases, it is not possi-
ble to more than suggest that stelar fusions are associated
with the insertions ot the leaves.

In M. Olscniae the “'steles™ are more or less elliptical
in outline, when seen in transverse sections of the stem.
and, collectively, appear to be in elliptical arrangement
around  the central  parenchymatous  ““pith™  (Plate
LLALLL hgs. 1 and 2; Plate ILXI, fAigs. 1 and 2). 1t is
possible that the unit *‘steles™ were originally arranged
i an ellipse and the present more Hattened arrangement
s due to compression before mineralization. "T'here is no
indication of the medullary bundles or **star rings™ which
constitute such a conspicuous feature of many Furopean
species of Medullosa (Plate TLX T, figs. 8 to 11). T'he
imdividual stelar umits ol M. Olseniae are from one Lo
Lhree centimeters in cross sectional diameter, alonge their

longer axes. The larger *'steles™ represent stelar fusions
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and therr “normal™ cross sectional diameter appears Lo
be from one to two centimeters. Fach stelar unit s mod-
crately endocentrie with respect to the development of
\(‘('nll(l:ll'.\' wood.

The primary wood, i cross seetion, consists of an oval
to oblong core. comprised ot groups of approximately
five to fifteen tracherds, each group surrounded by paren-
chyma, which, inour specimens, 1s very poorly preseryved,
The primary xvlem elusters are rather evenly distributed
Lthroughout  the parenchymatous tissue  surrounding
Lhem, Protoxviem cells ot the bundles cannot be distin-
guished with certanty, though i the better preserved
specimens they appear to be mesarch i arrangement.,

The secondary xvlem develops as an eccentrie eviinder
around cach “stele.” Unequal cambial activity as evi-
denced i the greater development ot secondary tissue
on the mner part of cach eviimder, thus producing an en-
docentrie development as found i many Carboniferous
species ol Medullosa. 'The tracherds are arranged i con-
spreuous radial rows, usuaally paired, and each of the
double rows s separated by ravs of varving width (Plate
[.LNTV. fies. 1. 2 and 3). An interesting feature of the
prared radial rows s the alternating position ot the mdi-
vidual tracheids with respect to each other (Plate 1N TV .
fig. 3). I'his geometrie arrangement s probably indicea-
tive ol extreme apieal elongation, or shding growth, dur-
g differentiation ot the cambial dermvatives in the newly
formed secondary wood. 1t 1s probably also due i part
Lo changes in spatial relationship ot the cells during deg-
radation preceding mimerahization. "T'he trachends are ex-
tremely long and of tairly large cross sectional dianeter.
In the older secondary xylem tracheids range from 80 to
90w diameter, although the outermost cells i several
specimens are of smaller size, possibly indieating that the
plants had been killed during active secondary growth
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betore cell enlargement was completed. It seems less
likely that an actual diminution of the size of mature
cells occurred during ontogeny of the cambium. Alter-
nate, crowded, circular bordered pits occur on the radial
walls of the tracheids. T'he pits on the larger tracheids
range from fve to six rows on each radial wall (Plate
[LXII1I. hig. 3). T'he pit orihice, in cells with a suthicient!y
preserved secondary wall residue, tends to be elliptical
with the long axis oriented transversely to the axis of
the cell.

T'vloses occur in great abundance within the lumina
of the tracheids, and are of the sclerotic tyvpe, with thick
secondary walls., I'vloses are quite rare in the secondary
xyvlem of hving Gymnosperms, although occasionally
they occur in roots of conifers. The tvloses ot M. Olseniae
are one of the most conspicuous features in longitudinal
sections of the secondary wood, as shown in Plate I.X TV,
figs. 4 and 5. Despite poor preservation of histological
detail in the specimens at hand, it 1s apparent that they
developed by protrusion of the evtoplasm from adjoin-
ing ray cells through the bordered pits of adjacent tra-
cheids. Inasmuch as nearly every tracheid was in direct
contact with rav cells throughout its length, the capacity
tor tvlose formation can be partially explaimed. How-
cever, the tendencey for such outgrowths to develop must
have been unusually strong, as evidenced by the forma-
tion of a tylose within a tviose as shown in the tracheid
ficured in Plate 1.X 1TV, tig. 6. Such a evtological anom-
aly as the latter 1s very dithicult to interpret, vet this
seems the only explanation for the structure shown.

The rays are poorly preserved and in large part tan-
centially crushed to an amorphous or alveolar mass ol
cell wall residues. I'n better preserved areas the ravs are
seen to be of two types: uniseriates and very high multi-
seriates. The latter are four to six cells i width, of which
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Lthe Hanking cells are much larger than the cells i the
interior ol the rav. No consprcuously vertically elongated

cells can be observed

| | (J cither i the unmiseriate
| ravs or at the margins
/ i ot the multiseriates
| (Text Fig.).

Cells of the cambrum

| I are not visitble, but the

phloem  tissue 18 pre-

served o some  areas.

The sieve elements are

crushed, but appear as
double or triple rows

between  the  Haring
| phlocm  ravs  (Plate
| LAY he 1)

As noted, very hittle

| | |
L TR | . | ol the cortex was pre-
s Fra, Tanvential section of sece- .
& PN Card o served, and leal traces
ull(l:u_\ \\nm‘. show 1N Y pul’tlnllx ol one
uniseriate ray and two multiseriate Were not scen. A\ \”'.5-’.]('
ravs. The center rav, as characteristic row ol sclerotice strands.,
uf HIL‘ l:ll‘:_[t‘l' ’adV N, Is COT) m\v(i (Jf('('“s . v
| i, ' ' ust outside the phloemn
of two sizes: the larger alonge the mar- , | |
: 2 8 % 200 "' B N AN e . '
vin, and the smaller, internal. The Y8101, 4 Ntends around
outhines ot the tracheids, ravs, and Lhe \(‘(‘()H(iill'.\' l)()(l_\' Ol
some of the ray cells were drawn with L 0], \\'()()(‘}' ('}'|III(|(’I'.
aocamera lucida, Other ray cells were o, . X .
| | . 'here s no evidence ol
drawn by direcet comparison with the
thin section. - 50, mmternally developed

perider.
D ornosis

Medullosa Olseniae Roberts N I3crohoorn Np). MO,

A stem, elliptieal in ceross sectional outhne, approxi-
mately two > tour em. in diameter at outer margins ot
the “‘polystele.” The ““polvstele™ consists of three to
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five “‘steles™ arranged concentrically around a central
parenchyvimatous core. “'Steles,” mcluding the surround-
ing secondary wood, elhiptical i outline i transverse
section, and varying trom one to three ecm. along the long
axis. Secondary xvlem forming a concentrie eviinder
around each *‘stele,” but, to a moderate degree, endo-

centrically developed. **Starrings™ and accessory inter-
nal bundles absent. Primarv wood arranged n small

agaregates, or scattered bundles surrounded by paren-

chyma. Secondary wood consists of tracheids and rays.
T'racheids large, with closely spaced circular bordered pits
on the radial walls. Ravs very abundant and of two
tvpes: uniseriate and multiseriate, the latter four to six
cells in width. T'he ravs Hare conspicuously in the phloem.

[Locality and horizon : Lower Permian, Moran Formation, Section
Tod, Texan FEmigration and Land Company Survey, 10 miles west of
Newcastle, Young County, Texas.

Collected by : Eleanor l.. Olsen.

Material : Seven silicihed stem fracments.,

lType: Seven stem fragments and 7 ground sections in the Paleo-
botanical Collections of Harvard University, No. 50,001 to 50,007,

Iiscussion

T'he specimens under consideration clearly conform to
the detimtion ot the genus Medullosa in possessing *‘poly-
stehe” structure, with cach stelar component developing,
imdependently, its own ceviinder of secondary tissues.
T'he known members of the genus may be divided into
three geographie and stratigraphic categories: 1) species
of the Kuropean (German) Permian: 2) species of the
Il.uropean Carboniterous: and 3) species ot the American
Carboniferous (chietly mid-Pennsyvivanian /).

Comparison ol the stelar patterns and stem structure
ol the Furopean Permian forms (Plate XTI, figs. 8 to
1 1) with M. Olsenrae rules out any close relationship. The
tormer are all characterized by elongated and peripherally
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arranged steles, T wath starrings T the central paren-
chymatous region, and i some forms successive cambiz
in the cortical zone. "These forms are tur more complex
Lhan M. Olsenae, and, indeed, represent some of the most
bizarre modifications ol vascular tissue among Paleozoine
plants.,

Comparison ol the new species must therefore be made
with torms deseribed from the Furopean and .\merican
Carboniferous. In many respects M. Olseneae 1s within
the range ol variation of the Carbomiterous forms. espe-
cradly e anatonmeal details, such as tracheary pitting,
size ol the stelar umits, endocentricity ot the secondary
cviiders, and structure ot the ravs., Iifterences in the
structural variation ot these anatomical features comprise
Lhe primary basis for establishment ot several species of
American torms, although these differences may actually
be merely structural varables ol the same species. In
Lthe absence ol more complete material from a single
plant, however, the establishment ot species categories
based on anatomical differences in fragmentary specimens
seems the only reasonable procedure in the taxonomic
Lreatient ot Paleozoie plants and other extinet groups
ol plants. On the basis ot the structure ol the primary
xviem and ol the secondary xvilem, M. Olseniae differs in
no fundamental way from the carboniterous torms. It
the number of component *'steles™ i the “‘polystele™
Is constdered o basie taxonomne character i Medullosa
(which may reasonably be questioned 1n certain cases),
M. Olscniae difters from previously desceribed forms
Lhat it consistently possesses three to five “'steles. ™ Cuar-
bomterous ftorms desceribed i the literature may  be
crouped mto two major categories: 1) those with two
Lo four “'steles” @ and 2) those with six to cight “'steles. ™
In the hrst group those with two “‘steles™ are M. dis-
felica Schopt (1939) and M. pandurata Stewart (1951):
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those  with three are M. anglica Scott (1899), M.
Thompsonn  Andrews (1945). M. endocentrica Baxter
(1949), M. pusilla Scott (1914). M. clonvata Baxter
(1949) and M. Noer Sterdtmann (1944): and that with
four *‘steles™ 1s M. centrofilis De Fraine (1914). The
latter species is curious in possessing one small “*star
ring,  flanked by three larger *‘steles™ (Plate 1LXII.
fig. 2). The second group consists ot one form only, M.
primacva Baxter (1949), which possesses six to eight
“steles  of varying size (Plate 1LXI11, fig. 3).

In addition to exhibiting a presumably significant dif-
terence in the number ot unit *'steles,” M. Olseniae pre-
sents a perhaps more significant character in the posses-
ston of a central parenchymatous core devoid of *‘star
rings  or other supernumerary vascular strands. Because
of these two structural features, it seems desirable to pro-
pose a new specific name tor the Medullosa deseribed in
this study.

Owing to its occurrence in post-Carboniferous sedi-
ments, M. Olseniae is of interest in the interpretation of
phylogenetic trends in the Medullosan group. In come-
parison with Permian representatives in western Kurope
1t 1s surprisingly simple in structure, and may be inter-
preted as structurally more primitive. However, it is
dithcult to incorporate M. Olseniae into the phylogenetic
schemes proposed for the American Carboniferous forms
by Baxter (1949) and Stewart (1951). Until more is
Kknown of the possible variation within a single *‘species™
ol Medullosa, however, phylogenetic schemes will proba-
bly require periodiec modification.
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